Introduction
Chronic lung disease (CLD), usually defined as oxygen dependency beyond 36 weeks postmenstrual age (PMA), is a frequent consequence of very premature birth. It affects between 43 and 47% of infants born at 23 to 25 weeks of gestation and between 38 and 40% of infants born at 26 to 28 weeks of gestation [1] . CLD places a significant burden on health care provision; re-hospitalisation of affected children is common in the first two years [2] . It is, therefore, desirable to identify strategies which will prevent or treat CLD; unfortunately, many of those tested have been ineffective. Randomised trials have failed to demonstrate that use of different ventilation strategies, including patient triggered ventilation (PTV) [3] high frequency positive pressure ventilation (HFPPV) [3] and high frequency oscillatory ventilation (HFOV) [1] prevent the development of CLD [4] . Similarly, treatment with antenatal glucocorticoids [5] , postnatal surfactant [6] or fluid restriction [7] are unsuccessful.
CLD is an inflammatory condition [8, 9] , thus an alternative approach has been to examine the impact of therapies with anti-inflammatory properties. Corticosteroids reduce inflammatory mediators and neutrophil influx in the airways [10] . In addition, they decrease bronchospasm, leukotriene release, microvascular permeability and pulmonary oedema [11] , but enhance surfactant synthesis [12] . As a consequence, the role of corticosteroids in the prevention and treatment of CLD has been assessed in many studies. The aim of this review is to highlight the benefits and side-effects of corticosteroid treatment and determine whether the timing of administration, dosage schedule or mode of delivery with a positive risk:benefit ratio can be identified.
Systemic administration (a) Timing of administration
In the numerous randomised trials of corticosteroids, the timing of commencement of corticosteroid administration has varied from the first few days to many weeks after birth. The systematic reviews reported in the Cochrane database have, therefore, been subdivided into three groups: timing of commencement at less than 96 hours of age (21 trials), between seven and fourteen days (7 trials) and after three weeks of age (9 trials) [13] [14] [15] . Meta-analysis of the results of the trials included in those subgroups have demonstrated the timing of commencement of administration does influence the impact of corticosteroids treatment (table 1) . Commencement of corticosteroids at all three time periods was associated with a significant reduction in chronic oxygen dependency at 36 weeks PMA and need for treatment with rescue corticosteroids (table 1) . Only commencing corticosteroids between seven to fourteen days, however, was associated with a significant reduction in mortality and this was only at 28 days. The need for home oxygen therapy was only significantly reduced if the corticosteroids were commenced after three weeks of age. dexamethasone was commenced during the first two weeks, highlighted that any benefit was not enhanced by giving doses greater than 0.5 mg/kg/day or continuing the course for longer that 7 to 14 days [16] . Shorter courses have been assessed. Three days or less of systemic treatment, however, does not reduce CLD [17] , even if followed by an 18 day course of inhaled treatment [18] . There may, however, be benefit if courses are repeated at 10 day intervals [19] .
(b) Dosage schedule

Mode of administration (a) Inhaled therapy
In an effort to avoid the adverse effects of systemic treatment (see later) the efficacy of inhaled steroid therapy has been explored. Meta analysis of the results of eight randomised trials [20] highlighted that administration by the inhaled route during the first two weeks after birth did not reduce CLD. This treatment, however, did facilitate extubation and reduced the need for "rescue" treatment with systemic steroids.
It is possible that at least in certain trials, drug delivery via the inhaled route was poor, reducing the efficacy of the mode of administration. Even if a rigid spacer is used with a metered dose inhaler and the spacer device's non re-breathing valve is removed, less than 4% of the activated dose leaves via the endotracheal tube [21] . In one of the trials [22] , however a rigid spacer device was used and, although its valve remained in situ, the researchers compensated for the low amount of drug delivered by accentuation, because on each occasion activating the metered dose inhaler sufficient times to ensure the desired dose reached the lungs. They also optimised drug delivery by giving the corticosteroids via an endotracheal tube into the pharynx once the baby was extubated and used one of the longer regimens examined to date. Nevertheless, they [22] demonstrated limited effects of inhaled beclomethasone, that is at 28 days fewer infants were receiving systemic corticosteroid treatment or mechanical ventilation.
(b) Inhaled versus systemic treatment
Comparison of inhaled versus systemically administered corticosteroids in ventilator dependent infants in two randomised trials did not demonstrate any significant differences in the mortality rate or incidence of chronic oxygen dependency at 28 days [23] , but the duration of requirement for mechanical ventilation and supplementary oxygen was significantly longer in those infants who received inhaled steroids [23] . Those results are in keeping with the findings of a randomised trial which included non ventilated infants [24] ; systemic steroids were demonstrated to have a more rapid and greater magnitude of effect than inhaled steroids. In addition, in another study [25] a three day course of systemic steroids was more effective than a ten day course of inhaled steroids in reducing the inspired oxygen requirement and levels of inflammatory mediators. In the OSECT trial [26] no significant differences were found with regard to oxygen dependency at 36 weeks or death between infants given inhaled or systemic therapy. Surfactant administration and the duration of therapy, however, differed between centres which may have biased the results.
Adverse effects of systemic corticosteroids (a) Acute
Hyperglycaemia and hypertension frequently result from treatment with corticosteroids regard- [27] ; similar effects are seen regardless of the postnatal age at the commencement of administration [28] . The likelihood for requiring treatment for hypertension is also increased (RR 2.7, 95%CI 1.0-7.4) [29] . Hypertrophic obstructive cardiomyopathy (HOCM) can occur if dexamethasone is started in the first two weeks after birth (table 2) . In one study [30] , left ventricular hypertrophy was observed in 94% of 31 infants, but spontaneously resolved [30] . If, however, corticosteroids are given early, this is associated with a lower incidence of patent ductus arteriosus (RR 0.75 (95%CI 0.68,0.83) [31] . Higher rates of infection have been reported in infants who receive dexamethasone (table 2) ; the occurrence of candida sepsis has been reported to be significantly related to duration of early dexamethasone treatment [32] . Increased rates of necrotising enterocolitis (NEC), gastrointestinal (GI) bleed and intestinal perforation have been reported, particularly if dexamethasone is administered within 96 hours of birth [29] . Dexamethasone treatment is associated with hypothalamicpituitary-adrenal axis suppression [33] [34] [35] , at the level of the pituitary [34] . The effect is shortlived, with cortisol levels returning to normal by day 10 [33] . No evidence of adrenal suppression has been found following inhaled beclomethasone [36] . Neither the incidence of severe intraventricular haemorrhage (IVH) nor periventricular leucomalacia (PVL) are significantly influenced by systemic corticosteroid therapy. Although in one study [37] , 75% of infants with severe Retinopathy of Prematurity (ROP) (at least stage III) had received dexamethasone, no statistically significant differences were highlighted by the meta analysis of the results of randomised trials included in the Cochrane reviews (table 2) . A slower growth rate occurs in infants receiving dexamethasone [29, 38] ; inhaled steroids have less effect on short-term growth than systemic therapy [39] .
(b) Longer term adverse effects
Early administration of dexamethasone has been associated with an increased incidence of cerebral palsy (49% versus 15%: odds ratio 4.62, 95%CI 2.38-8.98), and an increased frequency of developmental delay (55% versus 29%; odds ratio 2.87, 95%CI 1.53-5.38) [40] . Similar worrying trends have been demonstrated in Cochrane reviews [13] [14] [15] [16] [17] , particularly if treatment was commenced in the first 96 hours (table 3) . At school age, children who had received dexamethasone in the first 12 hours after birth experienced adverse effects on growth, intelligent quotient and motor performance [41] . This is in keeping with the finding that cerebral cortical gray matter growth has been noted to be reduced by 35% in premature infants who received dexamethastone [42] . The rate of motor dysfunction is also significantly higher if corticosteroids have been given [43] . No statistically significant effects on major neurosensory disability, blindess or deafness, however, have been highlighted by Cochrane reviews (table 3) .
Discussion
This review highlights that, although systemic administration of corticosteroids is associated with a reduction in chronic lung disease and 28 day mortality if treatment is commenced between 7 to 14 days, this therapy has important adverse long term effects (table 3) . In addition, although inhaled steroids have less adverse effects, they are less efficacious and not associated with reductions in either CLD or mortality.
The results of a recent survey [44] demonstrate that, at least UK neonatologists, have come to different conclusions from the literature regarding the balance between the risks and benefits of corticosteroid therapy. Thirty-three percent never prescribed corticosteroids and approximately four percent gave inhaled steroids only. Although, there was consistency in that none prescribed corticosteroids in the first week after birth, 33% com- [16] highlighted that no greater beneficial effects were achieved if the course was extended beyond 14 days and no positive benefit if a single three day course was given, 15% prescribed three days of therapy; 29% seven days, 22% ten days, 18% 14 days and 4% six weeks duration of therapy. Recent guidelines [45] have suggested that, until clear benefits of corticosteroids have been identified and the long term neuro-developmental outcomes clarified, dexamethasone use should be limited to exceptional clinical circumstances or only given within the context of randomised controlled trials. The reported survey [44] highlights that at least in the UK, such recommendations are not consistently followed and this is likely to reflect the lack of a safe and effective strategy to prevent CLD. It is, therefore, vital that an accurate method of identifying infants at very high risk of developing CLD is found, a corticosteroid regime with a positive risk:benefit regime highlighted or preferably a safer and more effective therapy discovered. 
